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REMARKS 



Claims 16, 17, and 21-28 are pending in the instant 
application. Claims 16, 17, and 21-28 have been rejected. No new 
matter has been added by this amendment. Reconsideration is 
respectfully requested in light of the following remarks. 

I. Rejection Under 35 U.S.C. §112 

Claims 16, 17, and 21-28 are rejected under 35 U.S.C. §112, 
first paragraph, as failing to comply with the written 
description requirement. Specifically, the Examiner suggests that 
Applicants have not provided an adequate description of the genus 
of antibodies having the capability of recognizing a naturally 
conformed extracellular portion of BCRP. Due to the means by 
which Applicants have produced the claimed antibody, the Examiner 
suggests that the claimed antibody does not appear to be 
conventional in the art, and that Applicants should provide an 
adequate written description to teach the structures of the 
antibody that allows recognition of the extracellular portion of 
the BCRP in its natural conformation. Applicants respectfully 
traverse this rejection. 

Compliance with written description requirement of 35 U.S.C. 
112, first paragraph, may be shown by any description of 
sufficient, relevant, identifying characteristics so long as a 
person skilled in the art would recognize that the inventor had 
possession of the claimed invention. For some biomolecules, 
examples of identifying characteristics include a sequence, 
structure, binding affinity, binding specificity, molecular 
weight, and length. Although structural formulas provide a 
convenient method of demonstrating possession of specific 
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molecules, other identifying characteristics or combinations of 
characteristics may demonstrate the requisite possession. For 
example, disclosure of an antigen fully characterized by its 
structure, formula, chemical name, physical properties, or 
deposit in a public depository provides an adequate written 
description of an antibody claimed by its binding affinity to 
that antigen. Noelle v. Lederman, 355 F.3d 1343, 1349, 69 USPQ2d 
1508, 1514 (Fed. Cir. 2004) (holding there is a lack of written 
descriptive support for an antibody defined by its binding 
affinity to an antigen that itself was not adequately described) . 
See MPEP §2163. 

The amino acid sequence and characterization of BCRP as an 
ABC transporter was well-established in the art at the time of 
filing of the instant application. Applicants clearly provide at 
page 39 of the instant application the detailed steps which can 
be, and were, carried out to overexpress a known BCRP nucleotide 
sequence in a living cell to produce an antibody to a naturally 
conformed extracellular portion of BCRP, i.e., a BCRP having the 
native three-dimensional structure such that it forms a homodimer 
with the appropriate extracellular domain exposed on the cell 
surface . 

As would be readily apparent to the skilled artisan upon 
reading the instant disclosure, Applicants appreciated the 
necessity of producing BCRP in its natural conformation in living 
cells to increase the probability that the immune system would 
detect external BCRP epitopes in their native configuration, 
rather than epitopes that were internally located in the cells, 
or epitopes only present in denatured protein (see page 23, lines 
11-16) . While the antigen used to induce an immune response was, 
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in fact, a cell with BCRP epitopes exposed on the cell surface, 
the antibodies produced had the same well-characterized structure 
of any other conventional antibody (i.e., an effector portion 
which is the constant region and a variable region that contains 
the antigen binding sites in the form of complementarity 
determining regions and the framework regions) because the 
antibodies were produced by the mammalian immune system (see page 
39, line 12) having constant and framework region sequences known 
and published in the art. Therefore, the distinguishing 
identifying characteristic sufficient to show that Applicants 
were in possession of the claimed antibody is the antigen 
specificity of the claimed antibody, i.e., an antibody raised 
against an extracellular portion of a naturally conformed BCRP 
(see page 39, lines 12-23) . Using this art-accepted 
characterization of an antibody, Applicants believe they have met 
the requirement under 35 USC 112, first paragraph, and it is 
therefore respectfully requested that this rejection be 
reconsidered and withdrawn. 

Claims 16, 17, and 21-28 are also rejected under 35 U.S.C. 
§112, first paragraph, as containing subject matter which was not 
described in the specification in such a way as to enable one 
skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. It is 
suggested that the method taught in page 39 of the specification 
is well-known in the art as taught by Mechetner et al. (U.S. 
Patent No. 5, 994, 088), but Applicants have argued that the art 
known methods at the time of the invention could not predictably 
produce the claimed antibody. The Examiner further suggests that 
the specification fails to disclose whether the antibody produced 
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by the disclosed method had indeed been used in the detection of 
the BCRP expression in living cells. Further, the Examiner 
suggests that detection of BCRP expression in living cells is not 
sufficient evidence that an antibody made by Applicants 
recognizes an external epitope on BCRP in its natural 
conformation because an antibody made with a purified protein or 
a synthetic antibody could also be used to detect an 
extracellular epitope in its natural form as long as it 
recognizes a part of the epitope. It is suggested that because 
antibody-antigen recognition is largely conformational 
independent, as taught by Niman et al. (U.S. Patent No. 
5,563,247), that an antibody would detect an external epitope in 
its natural conformation as long as it can recognize a part of 
the entire conformation. Applicants respectfully traverse this 
re j ection . 

At the outset, Applicants respectfully disagree with the 
Examiners conclusions, based upon the teachings of Niman et al., 
that antibody-antigen recognition is largely conformational 
independent and that an antibody would detect an external epitope 
in its natural conformation as long as it can recognize a part of 
the entire conformation. At the time of filing it was known in 
the art that conformational epitopes existed and that not all 
antibodies produced against a linear epitope would recognize a 
conformational epitope and, likewise, not all antibodies produced 
against a conformation epitope would recognize a linear epitope. 
For example, Munodzana, et al. ((1998) Infect. Immun. 66:2619- 
2624; enclosed herewith) teach that antibodies to multimeric 
outer membrane MSPs of A. marginale will only recognize MSPs when 
the native secondary and tertiary structure has been adopted (see 
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abstract) . Further, this reference teaches that isolated, 
recombinant-expressed MSPs, either alone or in combination, fail 
to induce antibody-mediated protective immunity compared to the 
antibody-mediated protective immunity induced with whole outer 
membranes or a native protein complex (see page 2619, first 
column) . Therefore, the antibody-antigen recognition process can 
be conformational dependent, wherein secondary, tertiary and 
quaternary structures may be necessary to generate an antibody 
which recognizes a particular domain and conformation. 

MPEP 2164.04 states that a specification disclosure which 
contains a teaching of the manner and process of making and using 
an invention in terms which correspond in scope to those used in 
describing and defining the subject matter sought to be patented 
must be taken as being in compliance with the enablement 
requirement of 35 U.S.C. 112, first paragraph, unless there is a 
reason to doubt the objective truth of the statements contained 
therein which must be relied on for enabling support. 

As previously indicated at page 10 of Applicants' reply 
filed July 29, 2004, page 39 of the instant application clearly 
describes each step used to make an antibody which recognizes an 
extracellular portion of a naturally conformed BCRP and page 24, 
lines 19-25 teaches how to use an antibody which recognizes an 
extracellular portion of a naturally conformed BCRP. The 
identification of an antibody that recognizes an extracellular 
portion of a naturally conformed BCRP was carried out by 
Applicants by taking supernatants from each hybridoma clone and 
screening them by flow cytometry using a living human breast 
cancer cell line (MCF-7) that had been transduced with an 
amphotrophic HaBCRP vector. Any supernatant that showed 
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reactivity in this assay was then back-screened on the parental 
MCF-7 line, and clones that reacted with the living MCF-7 HaBCRP 
cells but not with the parental MCF-7 line were scored as 
positive and specific. These cells were subcloned and re-screened 
based on the indicator cell lines. See page 39, lines 17-23. 
Thus, one of skill would reasonably conclude that an antibody 
which binds to the surface of a living cell transduced with an 
amphotrophic HaBCRP vector and not to a living cell lacking the 
amphotrophic HaBCRP vector is an antibody which recognizes an 
extracellular portion of BCRP in its natural conformation as BCRP 
is a plasma membrane-bound protein with the extracellular portion 
exposed on the cell surface and antibodies are large proteins 
which would not cross the plasma membrane and bind to any other 
portions of BCRP {e.g., the transmembrane or intracellular 
domains) . 

Further, Applicants submit herewith a corroborative 
Declaration by Dr. Sorrentino which indicates that, in addition 
to the 5D3 antibody disclosed by Zhou et al. and Abjbott et al. 
(referred to in Applicants' reply filed July 29, 2004), 
Applicants have generated three other independent monoclonal 
antibodies that recognize an extracellular portion of BCRP in its 
natural conformation. Like 5D3, these antibodies, designated 7A3, 
1C5 and 8C2, were generated using the same methodology as 
disclosed in the instant application and each recognizes an 
extracellular portion of BCRP in its natural conformation in 
living cells (i.e., human myeloid leukemic cell line AML3 over- 
expressing BCRP) . 

Accordingly, the method disclosed in the instant application 
is a validated, reliable method for producing any antibody which 
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recognizes an extracellular portion of BCRP in its natural 
conformation as the BCRP has adopted its proper secondary, 
tertiary and quaternary structures when produced in living cells. 
As the instant specification has described a manner and process 
of making and using the claimed antibodies, the specification is 
in compliance with the enablement requirement of 35 U.S.C. 112, 
first paragraph. It is therefore respectfully requested that this 
rejection be reconsidered and withdrawn. 

II. Rejection Under 35 U.S.C. §103 

Claims 16, 17, and 21-28 have been rejected under 35 U.S.C. 
103(a) as being unpatentable over Ross et al. (U.S. Patent No. 
6,313,277) in view of Mechetner et al. (U.S. Patent No. 
5, 994, 088) . 

The Examiner suggests that the '088 patent discloses the 
same method as the instant specification for generating 
antibodies that will recognize the extracellular portion of an 
ABC transporter. It is suggested that with the knowledge of the 
BCRP coding sequence as taught by Ross et al. and the known 
method for producing antibodies recognizing an external epitope 
of an ABC transporter protein as taught by Mechetner et al. f one 
of skill in the art would have a reasonable expectation of 
success for producing an antibody as suggested by .Ross et al. 
that could recognize an external epitope of BCRP in its natural 
conformation. The Examiner further suggests that given the 
knowledge regarding the importance of the extracellular portion 
of an ABC transporter protein, and given the cDNA of BCRP 
provided by Ross et al., it is within the knowledge of the 
skilled artisan to make a similar antibody as 4E3 or UIC2 that 
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binds to the naturally conformed extracellular epitope of BCRP as 
taught by Mechetner et al. 

Applicants respectfully traverse this rejection. The cited 
references fail to meet all the basic criteria set forth to 
establish a prima facie case of obviousness. MPEP §2143. As 
previously indicated and acknowledged by the Examiner, Ross does 
not teach or suggest an antibody that recognizes the 
extracellular portion of BCRP in its natural conformation. 
Likewise, Mechetner et al. do not teach or suggest an antibody 
that recognizes the extracellular portion of BCRP in its natural 
conformation . 

Applicants maintain that the teachings of Mechetner et al. 
do not overcome the general uncertainty in the prior art when it 
comes to the ability to generate antibodies that will recognize 
the extracellular portion of an ABC transporter in its native 
conformation as this superfamily of proteins is very large and 
diverse; some ABC transporters are single protein molecules, 
while others are homo- or heterodimers . As indicated in the 
Supplemental Declaration by Dr. Sarkadi, submitted herewith, the 
use of any particular method for producing an antibody to an ABC 
transporter must be determined on a case-by-case basis. Only when 
an antibody is actually produced to a particular ABC transporter 
can the method used be validated for the production of an 
antibody to that particular ABC transporter, in particular when a 
specific domain (e.g., extracellular portion) and conformation 
(e.g., the natural conformation) is desired. 

Unlike the P-glycoprotein disclosed by Mechetner et al., 
which is a single polypeptide of two homologous halves, BCRP is a 
homodimer wherein two half -transporter molecules must come 
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together to establish a fully functional protein. Therefore, the 
quaternary protein structure (i.e., clustering of several 
individual peptides into a final, specific conformation) of BCRP 
is a distinct feature not appreciated in the teachings of the 
method of Mechetner et al. and therefore one of skill in the art 
could not reasonably predict from the teachings of Mechetner et 
al. that the method used to produce an antibody that recognizes 
an extracellular epitope of Pgp in its biochemical conformation 
as a single protein molecule will successfully produce an 
antibody to an extracellular portion of BCRP in its natural 
conformation where it is a half-transporter that forms a 
homodimer . 

It has been consistently held that the fact that a certain 
result or characteristic may occur or be present in the prior art 
is not sufficient to establish the inherency of that result or 
characteristic. In re Rijckaert, 9 F.3d 1531, 1534, 28 USPQ2d 
1955, 1957 (Fed. Cir. 1993) (reversed rejection because inherency 
was based on what would result due to optimization of conditions, 
not what was necessarily present in the prior art) ; In re 
Oelrich, 666 F.2d 578, 581-82, 212 USPQ 323, 326 (CCPA 1981). 
Neither alone nor combined do Ross or Mechetner et al. teach or 
suggest the effective generation of an isolated antibody which 
recognizes an extracellular portion of BCRP in its natural 
conformation. Further, neither cited reference provides to one of 
ordinary skill in the art a reasonable expectation of success in 
achieving the instant invention. Therefore, the cited references 
fail to make the instant invention obvious and it is therefore 
respectfully requested that this rejection be withdrawn. 
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III. Conclusion 

The Applicants believe that the foregoing comprises a full 
and complete response to the Office Action of record. 
Accordingly, favorable reconsideration and subsequent allowance 
of the pending claims is earnestly solicited. 
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The Anaplasma marginale outer membrane is composed of immunogenic major surface proteins (MSPs) 
linked both covalently and noncovalentiy in multimeric complexes (M. C. Vidotto, T. C. McGuire, T. F. Mc- 
Elwain, G. H. Palmer, and D. P. Knowles, Infect. Immiin. 62:2940-2946). Consequently, effective induction of 
antibody against surface-exposed MSP epitopes has been postulated to require maintenance of MSP secondary 
through quatenary structures. Using MSPS as a model and the approach of epitope mapping with recombinant 
expressed full-length and truncated proteins, we demonstrated that the immunodominant surface epitope bound by 
monoclonal antibody (MAb) ANAF16C1 required disparate amino- and carboxy- terminal regions of MSPS, 
indicating the conformational dependence of this epitope. The required amino-terminal MSPS region included 
the cysteines involved in intramolecular disulfide bonding. The dependence of the immunodominant epitope on 
disulfide bonding was confirmed by loss of MAb ANAF16C1 binding to MSPS following disulfide bond reduc- 
tion and covalent modification of the reduced sulfhydryl groups. The recognition of the MSPS immunodom- 
inant epitope by antibody induced by protective immunization with A. marginale outer membranes was also 
conformational^ dependent, as shown by the loss of epitope binding following serum adsorption with native 
but not reduced and denatured A. marginale. Importantly, the antibody response to all immunodominant MSPS 
surface epitopes was restricted to conformational!)' dependent epitopes, since the binding of polyclonal anti- 
MSP5 antibody to the A. marginale surface could be blocked by adsorption with native but not denatured and 
reduced MSPS. These results confirm the importance of the secondary and tertiary structures of MSP epitopes 
as immune system targets and support the testing of immunogens which maintain the required conformation. 



Anaplasma marginale is an arthropod-borne ehrlichial patho- 
gen of cattle that invades and replicates in mature erythrocytes 
(7). Acute infection is characterized by high levels of rickett- 
semia (>10 9 infected erythrocytes/ml) and severe anemia, which 
frequently results in abortion or death (5, 7). Immunity against 
acute A. marginale rickettsemia is directed against outer mem- 
brane surface proteins, and infectivity can be neutralized with 
antibodies against surface exposed epitopes (18, 20, 21). Cor- 
respondingly, cattle immunized with A marginale outer mem- 
branes develop significantly lower rickettsemia following chal- 
lenge than do adjuvant-immunized controls (20, 22, 27). Sera 
from these immunized and protected cattle recognize six major 
surface proteins (MSPs), and antibody titers against MSP2 and 
MSPS correlate with protection against challenge with the 
homologous strain (20, 22, 27). In contrast to protection in- 
duced by immunization with whole outer membranes or a na- 
tive MSPla/MSPlb complex, isolated recombinant-expressed 
MSPs, either alone or in combination, fail to induce compara- 
ble protection against rickettsemia (17, 18, 20, 27). Conse- 
quently, we have hypothesized that MSP conformation, as 
determined by secondary through quatenary structures, is a 
critical determinant in the efficacy of experimental vaccines 
(13, 20, 30). 
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The outer membrane is composed of MSPs linked both 
covalently and noncovalentiy in multimeric complexes (30). 
MSPS and MSP2 occur in both monomelic intramolecularly 
disulfide-bonded and multimeric intermolecularly disulflde- 
bonded forms in the membrane: MSPS as a dimer and MSP2 
as a tetramer (19, 30, 31). Importantly, both MSPS and MSP2 
bear immunodominant B-cell epitopes and, in outer mem- 
brane-immunized cattle, the antibody titer correlates with pro- 
tection against challenge with the homologous A. marginale 
strain (19, 27, 31). Based on our hypothesis, we would predict 
that the MSP2 and MSPS immunodominant surface-exposed 
epitopes are conformationally dependent and require disulfide 
bonding to maintain epitope conformation. We chose to first 
test this prediction with intramolecularly disulfide bonded 
MSPS. MSPS, in contrast to the antigenically variable MSP2 (2, 
19), is encoded by a single highly conserved gene and expresses 
invariant surface epitopes recognized by outer membrane-im- 
munized as well as previously infected immune cattle (1, 6, 14). 
In this paper, we report the disulfide bond and conformational 
requirements of defined MSPS surface-exposed epitopes and 
the results of testing whether antibody binding to the A. mar- 
ginale surface requires maintenance of secondary and tertiary 
structures. 

MATERIALS AND METHODS 

Physical mapping. ANAF16C1 is an immunoglobulin Gl (IgGl) monoclonal 
antibody (MAb) directed against the A. marginale surface and binds MSPS in all 
strains of A. marginale, A. ovis, and A centrale tested (1, 6, 12, 14). Escherichia 
coli transformed with plasmid pAM104A expresses a full-length MSPS polypep- 
tide that is bound by MAb ANAF16C1 (31). Full-length and truncated msp5 
clones expressed as fusion partners with maltose binding protein (MBP) were 
used to identify the MSPS region bound by MAb ANAF16C1. Briefly, the entire 
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FIG. 1 . Physical map of the recombinant MSP5 proteins relative to a trans- 
membrane helical protein hydrophobicity-hydrophilicity profile of native MSP5. 
The map was generated with the Genetics Computer Group package from the 
University of Wisconsin. The y axis reflects the Goldman-Engelman-Steitz hy- 
drophobicity scale over a window of 20 residues, and the x axis represents the 
amino acid position in MSP5. The proteins expressed by full-length {msp-5. 0) or 
truncated (msp-5. l,msp-5.2, and msp-5.3) recombinant clones are plotted against 
the same x axis, and the positions of the two cysteines are indicated by the 
letter C. 



ntspS open reading frame (nucleotides 1 18 to 753 based on the numbering of the 
original clone in pAM104A [31]) was amplified with forward and reverse primers 
incorporating Xha I recognition sites, digested, and ligated in frame into the Xbal 
site of the vector pMal-c2 (24). The plasmid encoding the full-length MSP5-MBP 
fusion was designated mspS.O, and the expressed protein was designated MSP5.0. 
The following truncated msp5 clones were generated by the same strategy with 
site-specific forward and reverse primers: msp5. 1, a 371 -bp clone representing bp 
118 to 488: msp5.2, a 356-bp clone representing bp 390 to 745; and msp5.3, a 
483-bp clone representing bp 118 to 600. The sequences of all clones were 
verified by double-strand sequencing by primer extension with dideoxy chain 
termination (25). E. coli XL-1 Blue was transformed with each plasmid. and the 
expression of an MSP5-MBP fusion protein of the appropriate size was con- 
firmed by sodium dodccyl sulfatc-polyacryl amide gel electrophoresis (SDS- 
PAGE) of recombinant E. coli lysate and immunoblotting with detection by 
rabbit anti-MBP polyclonal antibody (3). The orientations of the full-length and 
truncated msp5 constructs and the encoded proteins relative to the predicted 
conformation of native MSP5 arc shown in Fig. 1. Each MSP5-MBP fusion 
protein was purified on individual amylosc affinity columns following extraction 
as soluble proteins from recombinant E. coli (24). Briefly, 2 x 10 8 bacteria per 
ml of rich medium (1% tryptone, 0.5% yeast extract, 0.5% NaCl, 0.2% glucose), 
containing 100 u.g of ampicillin per ml, was incubated in the same medium with 
the addition of 0.3 mM isopropyl-f3-D-thiogalactopyranoside (IPTG) for 2 h at 
37°C to induce fusion protein expression. Bacteria were disrupted by freezing 
and rapid thawing followed by sonication. The recombinant expressed proteins 
were collected in the supernatant and loaded on amylose columns with a binding 
capacity of 3 mg of MBP per ml of resin. The columns were washed and the 
recombinant fusion proteins were eluted as previously described (24). Eluted 
recombinant proteins were detected by immunoblotting with rabbit anti-MBP 
polyclonal antibody and then tested for reactivity with MAb ANAF16C1 by 
SDS-PAGE and immunoblotting (3). Antibody binding was detected by using 
horseradish peroxidase -labeled goat anti-rabbit IgG (for anti-MBP antibody) or 
goat anti-murinc IgG (for MAbs) and enhanced chemiluminescence (3). Purified 
non fusion MBP, and unrelated MBP fusion protein (MBV-Babesia bovis RAP-1 
[26]). and uninfected erythrocytes were used as negative control antigens. A. 
marginale-'micctcd erythrocytes and£. coli transformed with plasmid pAM104A 
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were used as positive antigen controls (31). Normal rabbit serum and the IgGl 
MAb TryplEl were used as negative antibody controls. 

Conformational sensitivity of MAb ANAF16C1 binding. Affinity-purified 
MSP5.0 was incubated, at 10 jxg per treatment (in duplicate), with either 8 M 
urea, 60 mM dithiothreitol (DTT), or 300 mM iodoacetamidc (IA), or one of the 
combinations DTT and IA; urea and IA; or urea, DTT, and IA. The urea and 
DTT treatments were performed at 56°C for 12 h. and the IA treatment was 
performed for 1 h at 25°C (4). An untreated sample was incubated identically and 
used as a positive control. Reactivity was determined by immunoblotting (3) with 
MAb ANAF16C1 or the negative control MAb TryplEl. 

Cattle previously immunized with purified A. marginale outer membranes de- 
veloped high titers of anti-MSP5 antibody and were shown to be protected 
against acute rickettsemia upon challenge (27, 31). Serum obtained postimmu- 
nization but prechallenge was adsorbed with either denatured and reduced (8 M 
urea, 60 mM D1T, 300 mM IA) or untreated, native Norton strain organisms 
(28). As controls, serum either was left unadsorbed or was adsorbed by the 
identical method with either denatured and reduced E. coli or untreated E. coli. 
Adsorption, performed at 25°C for 1 h, was repeated until there was no reactivity 
with the adsorbing antigen preparation as determined by immunoblotting. Each 
serum treatment was then tested for inhibition of MAb ANAF16C1 binding to 
recombinant MSP5.0 by a competitive inhibition enzyme-linked immunosorbent 
assay (ELISA) as described previously (1, 6). Briefly, individual wells in 96-well 
plates were coated with 1 jxg of amylose-rcsin-purified MSP5.0 fusion protein in 
100 jxl of carbonate-bicarbonate coating buffer (15 mM Na 2 CO ? , 35 mM 
NaHCO ? [pH 9.6]). The wells were incubated for 1 h at room temperature with 
200 uJ of blocking buffer (250 mM K 2 HP0 4 , 250 mM KH 2 P0 4 , 0.5% fraction V 
bovine serum albumin, 0.75% glycine, 1% sucrose) and then washed four times 
with phosphate-buffered saline (PBS; pH 7.2). The adsorbed and unadsorbed 
test sera were diluted in PBS-1% BSA, to a final dilution of 1:40,000, the dilution 
of unadsorbed serum that resulted in approximately 70% inhibition of MAb 
ANAF16C1 binding to MSP5.0. Adsorbed, diluted sera were added to triplicate 
wells in 100-^1 aliquots, and the wells were incubated at room temperature for 
1 h. The wells were washed four times with 200 ^1 of PBS per well and then 
incubated for 15 min at room temperature with horseradish peroxidase-conju- 
gated MAb ANAF16C1 as described previously (1, 6). After four additional 
washes with PBS, 50 ^1 of 0.5-u.g/^l o-phenylenediamine hydrochloride dihydro- 
chloride in substrate buffer (0.2 M Na 2 HP0 4 , 0.1 M citric acid) was added to 
each well. The plates were incubated for 10 min, and the reactions were termi- 
nated with 25 p.1 of 2 N H 2 S0 4 . The results were expressed as percent inhibition 
(and standard deviation) of MAb ANAF16C1 binding to MSP5.0 (1, 6). 

Conformational dependence of antibody binding to A. marginale MSP5 sur- 
face exposed epitopes. Calves were obtained at 1 day of age and raised in a tick- 
and fly- free facility at the Central Veterinary Laboratory, Harare, Zimbabwe. 
Before immunization, sera were shown to be unre active with A. nmrginale by 
immunoblotting against whole-organism lysate (11) and by the competitive in- 
hibition MSP-5.0 ELISA (1.6). Five calves were immunized by subcutaneous 
inoculation of 50 u,g of native MSP5, purified from A. marginale on a MAb 
ANAF16C1 affinity column as described previously (31), in saponin adjuvant. 
The immunization was repeated three times at 3- to 4-weck intervals. Five 
adjuvant control calves were given saponin alone by using the identical schedule 
and route of inoculation. Sera were obtained 1 month after the last inoculation, 
and the anti-MSP5 titer was determined by the competitive inhibition ELISA. As 
described in Results, all sera from MSP5- immunized calves had high titers of 
anti-MSP5 antibody. Two of these sera were then adsorbed with amylose resin- 
purifled MSP5.0 or denatured and reduced (8 M urea, 60 mM DTT, 300 mM IA) 
purified MSP5.0. As controls, these sera either were left unadsorbed or were 
adsorbed, by using the identical protocol, with either denatured and reduced 
MBP or untreated MBP. Adsorptions, performed at 25°C for 1 h. were repeated 
until there was no reactivity with the adsorbing antigen preparation as deter- 
mined by immunoblotting. Unadsorbed and adsorbed sera were then tested for 
binding to native surface exposed MSP5 epitopes by agglutination of purified 
A. marginale as previously described (19). 



RESULTS 

Physical mapping. The physical maps of the full-length and 
truncated MSP5-MBP fusion proteins expressed in pMaI-c2 
are shown in Fig. 1. Each fusion protein was purified on indi- 
vidual amylose affinity columns and identified by SDS-PAGE 
and immunoblotting with detection by rabbit polyclonal anti- 
body specific for the MBP fusion partner. Figure 2 shows the 
binding of anti-MBP antibody to the expected 65-kDa MSP5.0 
fusion protein (lane 1) and to MBP alone (lane 2). The anti- 
MBP antibody also reacted with the truncated fusion proteins 
MSP5.1, MSP5.2, and MSP5.3 (data not shown) but not with 
purified A. marginale (lane 3). There was no binding of control 
normal rabbit sera to any of the MSP5-MBP fusion proteins 
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FIG. 2. Expression of recombinant MSP5.0. Lanes 1 and 4 contain MSP5.0 
fused to MBP and purified on an amylose affinity column; lanes 2 and 5 contain 
MBP alone; and lanes 3 and 6 contain a lysate of A. niargitiale-infcctcd eryth- 
rocytes. Lanes 1 to 3 were reacted with rabbit antiserum against MBP; lanes 4 to 
6 were reacted with the same dilution of normal rabbit serum. The positions of 
the MSP5.0-MBP fusion protein and MBP alone are indicated in the left margin. 



(MSP5.0 is shown in lane 4), MBP (lane 5), or A. marginale 
(lane 6). 

Each recombinant MSP5 fusion protein was then tested for 
reactivity with MAb ANAF16C1 or the Tryp IE 1 -negative con- 
trol MAb by immunoblotting. MSP5.0 was bound by MAb 
ANAF16C1 (Fig. 3, lanes 2 and 3) but not by an isotype control 
MAb, TryplEl (lanes 6 and 7). This indicates that the pres- 
ence of the MBP fusion partner does not alter recognition of 
the MSP5 epitope by MAb ANAF16C1. This MAb also bound 
A. marginale native MSP5 (lane 4). MAb ANAF16C1 did not 
react with the negative control B. bovis RAP-1-MBP fusion 
protein (lane 1). Of the truncated fusion proteins, only MSP5.3 
was bound by MAb ANAF16C1 (Fig. 4, lane 4). ANAF16C1 
did not bind MSP5.1 (lane 2), MSP5.2 (lane 3), or the negative 
control B. bovis RAP- 1 -MBP fusion protein (lane 1). This reac- 
tivity indicates that not only is the ami no-terminal region (nu- 
cleotides 1.18 to 390, encoding the first 91 amino acids includ- 
ing the conserved cysteine residues) necessary for ANAF16C1 
binding but that also some or all of the region composed of 
amino acids 125 to 161 (encoded by nucleotides 492 to 600) is 
also required. These data, without further mapping, are con- 
sistent with conformational dependence of the immunodomi- 
nant epitope bound by MAb ANAF16C1. Nonfusion MSP5 ex- 
pressed by E. coli containing plasmid pi 04 A was used as a positive 
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FIG. 3. MAb ANAF16C1 binds recombinant MSP5.0. Lanes 1 and 5 contain 
B. bovis RAP- 1 -MBP fusion protein as a negative antigen control; lanes 2, 3, 6, 
and 7 contain MSP5.0-MBP fusion protein (lanes 2 and 6 contain protein from 
a different column fraction from the protein in lanes 3 and 7); lanes 4 and 8 
contain a lysate of A. /na/g/'/Ki/tr-infccted erythrocytes. Lanes 1 to 4 were reacted 
with MAb ANAF16C1; lanes 5 to 8 were reacted with the isotype control MAb 
TryplEl. The positions of the MSP5.0-MBP fusion protein and the native MSP5 
arc indicated in the left margin. 



FIG. 4. MAb ANAF16C1 binds recombinant MSP5.3 but not MSP5.1 or 
MSP5.2. Lanes 1 and 6 contain B. bovis RAP-1-MBP fusion protein as a negative 
antigen control; lanes 2 and 7 contain MSP5.1-MBP fusion protein; lanes 3 and 
8 contain MSP5.2-MBP fusion protein; lanes 4 and 9 contain MSP5.3-MBP 
fusion protein; and lanes 5 and 10 contain nonfusion MSP5 expressed by 
E. coli containing plasmid pl04A (31). Lanes 1 to 5 were reacted with MAb 
ANAF16C1; lanes 6 to 10 were reacted with the isotype control MAb TryplEl. 
The positions of the MSP5.3-MBP fusion protein and nonfusion MSP5 are 
indicated in the left margin. 



control and was bound, as expected, by MAb ANAF16C1 (Fig. 
4, lane 5). 

Conformational sensitivity of MAb ANAF16C1 binding. The 

conformational dependence of MSP5 was tested by treatment 
of purified MSP5.0 with denaturing and reducing agents fol- 
lowed by determination of MAb ANAF16C1 binding. Reduc- 
tion of disulfide bonds with DTT followed by covalent modi- 
fication of sulfhydryl groups with IA to prevent reoxidation 
completely abolished MAb binding (Fig. 5). This effect was 
probably due to the effect on disulfide bonding, since neither 
DTT nor IA alone had any detectable effect on the epitope 
(Fig. 5). This dependence on disulfide bonding is consistent 
with the epitope-mapping results, which showed a requirement 
for the amino-terminal half of MSP5, containing the conserved 
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FIG. 5. MAb ANAF16C1 binding is sensitive to denaturation and reduction 
of MSP5. Purified MSP5.0 was either untreated or treated with 8 M urea 
(MSP5.0+urea); 60 mM dithiothreitol (MSP5.0+DTT); DTT and 300 mM IA 
(MSP5.0+DTT+IA); urea, DTT, and LA (MSP5.0+urea+DTT+IA); urea and 
IA (MSP5.0+urea-HA); or IA alone (MSP5.0+IA). Samples were reacted in 
duplicate with either MAb ANAF16C1 (left) or the negative control MAb 
TryplEl (right). 
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TABLE 1 . Binding of antibody induced by outer membrane 
immunization to the MSP5 immunodominant epitope 
is dependent on native conformation of A. marginale 

% Inhibition 



Treatment of anti-outer of MAb 

membrane scrum ANAF16C1 

binding 0 



Unadsorbed 70 ± 5 

Adsorbed with denatured E. coli lysate 60 ± 11 

Adsorbed with native E. coli lysate 63 ± 8 

Adsorbed with denatured A. marginale lysate 56 ± 13 

Adsorbed with native^, marginale lysate 20 ± 10 



a Negative control serum from a nonimrnunized, uninfected calf gave a back- 
ground inhibition of 12 ± 3%. 



cysteine residues. Treatment with 8 M urea, which denatures 
the protein secondary structure, resulted in a partial loss of 
MAb ANAF16C1 binding (Fig. 5). This effect is again consis- 
tent with a conformationally dependent epitope and may in- 
volve both the amino- and carboxy- terminal hydrophilic re- 
gions. 

To test whether recognition of the MSP5 immunodominant 
epitope by antibody from outer membrane-immunized and 
protected cattle was also conformationally dependent, serum 
was adsorbed with native or reduced and denatured A mar- 
ginale lysate and then tested for the ability to inhibit MAb 
ANAF16C1 binding. Unadsorbed serum was diluted (1:40,000) 
to achieve 70% inhibition of MAb ANAF16C1 binding (Table 
1). All test samples following adsorption were then tested at a 
final dilution of 1:40,000. As shown in Table 1, adsorption with 
native A. marginale significantly depleted bovine serum anti- 
body inhibition of MAb ANAFI6C1 binding. In contrast, ad- 
sorption with native E. coli or reduced and denatured A. mar- 
ginale or E. coli did not significantly reduce the binding of the 
immune bovine serum to the MSP5 immunodominant epitope 
(Table 1). This indicates that the antibody response to this 
MSP5 epitope following effective outer membrane immuniza- 
tion is conformationally restricted. 

Conformational dependence of antibody binding to A. mar- 
ginale MSP5 surface-exposed epitopes. Immunization of cattle 
with native MSP5 induced high titers of antibody against the 
immunodominant MSP5 epitope, as determined by the com- 
petitive inhibition ELISA based on ANAF16C1 binding (data 
not shown). Sera from two of the MSP5-immunized cattle were 
then used to determine if recognition of MSP5 epitopes on the 
A. marginale surface was conformationally dependent. Unad- 
sorbed sera had end-point agglutination titers of 512, while 
adsorption with native MSP5.0 diminished surface binding 
32- and 64-fold, respectively, for each of the two test sera 
(Table 2). In contrast, adsorption with denatured and re- 
duced MSP5.0 lysate either did not alter (anti-MSP5.0 serum 
1) or only slightly diminished (anti-MSP5.0 serum 2) surface 
reactivity compared to negative control adsorptions with either 
native or reduced and denatured MBP (Table 2). Sera from 
the five cattle immunized with saponin alone had end-point 
agglutination titers of 4 or less (data not shown). These results 
indicate that the antibody response to MSP5, as presented on 
the A. marginale surface, is predominantly against conforma- 
tionally dependent epitopes. 

DISCUSSION 

Why individual MSPs fail to induce protection at a level 
comparable to that induced by immunization with intact 
A. marginale outer membranes is unknown and represents an 



important gap in our knowledge needed to develop and im- 
prove vaccines against ehrlichial pathogens. Possible explana- 
tions, which are not mutually exclusive, include the following: 
(i) each MSP alone induces partially protective immunity, and 
the efficacy of the outer membrane complex simply reflects the 
sum of the individual components; (ii) the multimeric outer 
membrane complex enhances antigen presentation compared 
to soluble individual MSPs and generates a phenotypically 
different immune response; and (iii) induction of protection 
requires antibody to conformationally dependent epitopes on 
the A. marginale surface. The first possibility is not congruent 
with data showing that combinations of up to three MSPs do 
not consistently enhance protection compared to that afforded 
by immunization with individual MSPs (17, 18, 20, 23). In 
contrast, both the second and third explanations remain viable. 
As an entree to investigating the importance of antibody 
against conformationally dependent epitopes, we analyzed the 
structural requirements of a highly conserved immunodomi- 
nant epitope on MSPS. This epitope, defined by binding of 
MAb ANAF16C1, is conserved among all tested strains of 
A. marginale, A. centrale, and A, ovis and induces high titers of 
antibody in all infected species including cattie, sheep, and 
goats (1, 6, 14, 31). Initial physical mapping of the epitope with 
full-length and truncated recombinant expressed MSPS indi- 
cated that residues encoded 5' to nucleotide 390 (amino acid 
91) as well as some or all of the region encoded by nucleotides 
492 to 600 (amino acids 125 to 161) were required. Impor- 
tantly, the required amino-terminal region included the con- 
served cysteines (31), consistent with the proposed importance 
of intramolecular disulfide bonding in the MSP conformation 
(30). The absolute dependence of the immunodominant epi- 
tope on disulfide bonding was confirmed by the loss of MAb 
ANAF16C1 binding to MSP5.0 following disulfide bond reduc- 
tion and covalent modification of the reduced sulfhydry! 
groups. Interestingly. MAb binding was also reduced after urea 
treatment alone (Fig. 5). This suggests that secondary protein 
structure, apart from the tertiary requirements for intramolec- 
ular disulfide bonding, is also needed for epitope conforma- 
tion, a finding consistent with the physical mapping results 
indicating contributions from two distant hydrophilic regions 
of MSPS. Whether amino acids in these disparate regions are 
juxtaposed to form the actual epitope (defined by binding to 
the complementarity determining regions of the antibody) or 
whether the epitope is encoded within one of the regions and 
the second is required only to provide correct secondary struc- 
ture for binding is unknown. Both scenarios are consistent with 
the requirement for disulfide bonding in or adjacent to a hy- 
drophobic segment interposed between two hydrophilic and 
presumed surface-exposed regions of MSPS (Fig. 1). 

The single MSPS epitope defined by MAb ANAF16C1 
binding was analyzed as a model for immunodominant MSP 
epitopes (11, 20, 30). The presence of conserved cysteines 



TABLE 2. Binding of anti-MSP5 sera to the A. marginale surface 
requires reactivity with native, nondenatured epitopes 





End-point 


agglutination 


Treatment of 


titer for: 


anti-MSP5 serum 








Serum 1 


Serum 2 


Unadsorbed 


512 


512 


Adsorbed with denatured MBP 


256 


512 


Adsorbed with native MBP 


256 


256 


Adsorbed with denatured MSP5.0 


256 


128 


Adsorbed with native MSP5.0 


16 


8 
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and disulfide bonds in MSP2 and MSP4 (15, 19, 30) suggests 
that conformational dependence may be a common feature 
among A. marginale MSPs. In addition, the presence of an 
MSP5 homolog in Cowdria ruminantium MAP-2 (8) and of 
MSP2 homologs in C. ruminantium MAPI (19, 29) and Ehrli- 
chia chaffeenesis OMP-1 (16) provides support for broad ap- 
plicability of this model among ehrlichial pathogens. 

Importantly, antibodies induced by outer membrane immu- 
nization, which results in high anti-MSP5 antibody titers that 
correlate with protection against homologous challenge (27), 
recognized the MSPS immunodominant epitope in a confor- 
mational^ dependent form, as shown by the results in Table 1. 
Furthermore, the polyclonal antibody induced by native MSP5 
immunization also recognized predominantly conformationally 
dependent epitopes on the A. marginale surface. This indicates 
that the surface binding of antibody to all MSPS immunodom- 
inant epitopes is conformationally dependent and is consistent 
with a requirement for native-protein secondary and tertiary 
structures in effective immunization. 

In contrast to the secondary- and tertiary-structure require- 
ments for MSPS B-cell epitopes, the role of the quatenary struc- 
ture remains unclear. Membrane MSPS and MSP2 occur as 
both intramolecularly disulfide bonded monomers and inter- 
molecularly disulfide linked multimers. Although monomeric 
MSPs. including MSP2 and MSP5, induce antibody against the 
A. marginale surface, complete neutralization of infectivity may 
require antibody directed against functional surface regions 
composed of two or more MSPs (13, 30). This possibility is 
suggested by the greater inhibition of A. tnarginale binding to 
the erythrocyte surface by antibodies generated against native 
organisms or a complex of MSP la and MSP lb compared to 
antibody generated against MSPla and MSPlb individually (9, 
10). The importance of antibody against multiple MSPs is also 
supported by the complete neutralization of in vivo infectivity 
by antibody generated against the intact outer membranes 
(21). Whether intermolecular bonding of MSPs results in dif- 
ferent B-cell epitopes from those resulting from intramolecu- 
larly bonded MSPs is unknown, although the high degree of 
conformational dependence shown in the present study sug- 
gests that changes in bonding pattern are likely to alter the 
surface-exposed epitopes. Consequently, defining the struc- 
tural requirements of critical outer membrane epitopes is a 
priority and will support the development and testing of vac- 
cines that maintain native MSP structure. These approaches 
include recombinant MSP immune system-stimulating com- 
plexes, expression of multiple recombinant MSPs in the outer 
membranes of live bacterial vectors, and direct immunization 
with DNA encoding MSPs. 
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RULE 132 DECLARATION 

1 I Dr Brian Sorrentino, M.D . am an inventor in U.S. 
Patent Application Serial No. 09/866,866 filed May 29, 2001 and 
the parent application U.S. Serial No. 09/584,586, filed May 31, 
2000, and am most familiar with the subject matter of this 
application and the research effort which led to the discovery of 
the instant invention. 
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2 m accordance with the methods disclosed in Patent 
Application Serial No. 09/866,866 and U.S. Patent Application 
f r Hto 09/584,586, I have generated four independent 
monoc ona^'antibodies, designated 5D3 , 7X3 1C5 and , 8C2 which 
recognize an extracellular portion of BCRP in lts n J*u r ^ 
conformation in living cells. As indicated at pages 2 -24 and 
of the '866 application and pages 40-44 of the of the 5Bb 
application, these antibodies were generated by cloning a human 
BCRP cDNA into a Harvey murine sarcoma virus backbone, expressing 
the cDNA in NIH 3T3 cells (see page 39, line* 1-10 of the 866 
application) , and immunizing a mouse with the transduced cells 
(see page 39, lines 12-20 of the '866 application) To test 
whether the supernatant from the four pre -screened hybridoma 
clones produce monoclonal antibodies that recognize an 
extracellular portion of human ABCG2 (i.e., BCRP) on live cells, 
we first made a human myeloid leukemic cell line over-expressing 
ABCG2 (AML3/BCRP/6.2) by transducing the AML3 cells with a 
retrovirus vector (HaABCG2) . Me then stained the cells with 
supernatant from the hybridoma clone cultures and a Phycoerythrin 
(PE) -conjugated secondary rabbit-anti-mouse antibody. The cells 
were than analyzed in a flow cytometry for PE fluorescence. If an 
antibody specifically binds ABCG2, the PE fluoresce of 
AML3/BCRP/6.2 cells stained with the monoclonal antibody would he 
higher than that of the parental cells that do not express ABCG2 
(AML3) . As illustrated in Appendix A, each of these antibodies 
was found to be recognize the extracellular portion of ABCG2; 
however, whereas 5D3 and 8C2 interacted strongly with ABCG2 in 
its natural conformation in living cells (see panels to the right 
of "5D3.F2(2b)" and "8C2 .HI (2b) " ) , the interaction between 1C5 or 
7 A3 and ABCG2 in its natural conformation in living cells was not 
as strong (see panels to the right of -1C5.G10 <2a) • and 
"7A3 .H7 (2a) ") . 

Having definitively generated more than one antibody that 
recognizes an extracellular portion of BCRP in its natural 
conformation on living cells, this method is clearly a validated 
method for generating an antibody to an extracellular portion o£ 
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this particular ABC transporter in its natural conformation. I 
expect that the robustness of this method will allow for routine 
generation of additional antibodies of the type claimed by s imply 
repeating the procedures disclosed in the *58S and 866 
applications 



I hereby declare that all statements herein of our own 
knowledge are true and that all statements made on information or 
belief are believed to be true; and further that these statements 
were made with the knowledge that willful statements and the like 
so made are punishable by fine or by imprisonment, or both under 
§1001 of Title 18 or the United States Code, and that such 
willful statements may jeopardize the validity of the 
application, any patent issuing there upon, or any patent to 
which this verified statement is directed. 
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Title: 
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Date of Deposit February 22. 2005 

I hereby certify that this paper is being deposited 
with the United States Postal Service "Express Mail 
Post Office to Addressee" service under 37 CFR 1.10 
on the date indicated above and is addressed to the 
Mail Stop AF, Commissioner for Patents, P.O. Box 1450 
Alexandria, VA 22313-1450. 
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SUPPLEMENTAL DECLARATION 

1. I, Dr. Balazs Sarkadi, M.D., Ph.D., submit this 
declaration to supplement my Declaration dated October 27, 200.,, 
wherein I identified myself as an expert in the field of ABC 
transporters, especially as it pertains to the generation of 
antibodies to ABC transport proteins including BCRP, as evidenced 
by my curriculum vitae and list of publications. 

2. I have reviewed the Office Action issued in this case 
dated October 21, 2004. I have further reviewed and understand 
the prior art methods taught by Ross (U.S. Patent No. 6,313,277) 
and Mechetner et al. (U.S. Patent No. 5,994,088) as identified by 
the Examiner in the Office Action. 

3. As stated in my previous Declaration, I maintain that at 
as of the priority date of May 31, 2000 there was no reliable 
method known in the art for producing an isolated antibody that 
recognizes an extracellular portion of the ABC transporter BCRP 
in a living cell. The production of antibodies to any ABC 
transporter can only be evaluated on a case-by-case basis as 
these proteins, while falling within the superfamily of ABC 
transporters, have individually distinct topologies, post- 
translational modifications, and protein-protein interactions 
which may affect their antigenicity. 

4. One of skill in the art of antibody production would have 
appreciated at the time of filing of present application that, 
while it would be reasonable to try the various methods known m 
the art, the reasonable expectation of successfully producing an 
antibody that recognizes the extracellular portion of BCRP in its 
natural conformation could not be anticipated. 

5. As stated in my previous Declaration, Ross suggests an 
antibody prepared against a purified BCRP protein. Such a 
purified protein would not be expected to adopt the three- 
dimensional structure of BCRP as it is found in the cell membrane 
where it is a half-transporter that forms a fully functional 
homodimer. As antibodies can recognize conformational epitopes, 
the three-dimensional structure is critical for production and 
recognition of an epitope composed of a specific domain < e -^-' 
extracellular portion) in a particular conformation (e.g., the 
natural conformation). 
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6 While the Mechetner et al. reference describes a cell- 
based method for producing an antibody to an ABC transporter, 
this single success does not change my view on the need to assess 
any particular method for producing an antibody to a n , AB C _ 
transporter on a case-by-case basis. Only when an antibody is 
actually produced to a particular ABC transporter can the method 
used be validated for the production of an antibody to that 
particular ABC transporter, in particular when a specific domain 
(e.g., extracellular portion) and conformation (e.g., the natural 
conformation) is desired. 

7 In my recent publication (Ozvegy-Laczka, et al - (Dec. 
2004) J. Biol. Chem., submitted herewith), I have used an 
antibody produced in accordance with the method of U.S. Patent 
Application Serial No. 09/866,866, (i.e., 5D3) and shown that the 
interaction of 5D3 with BCRP in intact cells is dependent upon 
the actual conformation within the transport cycle of this 
multidrug resistance protein. In contrast, an antibody generated 
against an N-terminal intracellular epitope of BCRP {i.e., BXP 
21} cannot recognize BCRP in a living cell. Therefore, this 
method is essential to producing an antibody which recognizes an 
extracellular portion of BCRP in its natural conformation. 

I hereby declare that all statements herein of our own 
knowledge are true and that all statements made °" inf °™^on or 
belief are believed to be true; and further that these statements 
were made with the knowledge that willful statements and the like 
so made are punishable by fine or by imprisonment, or both under 
§1001 of Title 18 or the United States Code, and that such 
willful statements may jeopardize the validity of the 
application, any patent issuing there upon, or any patent to 
which this verified statement is directed. 



Date: _Q/. A*X. SOO^- 
Dr. Balazs Sarkadi, M.D. Ph.D. 
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